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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To make it possible to protect an insulating film in an integrated circuit 
while a semiconductor device is being processed. 

CONSTITUTION: A semiconductor device is provided with a semiconductor substrate 
Ian integrated circuit section formed within the substrate land conductive layers 6 
and 9 which constitute internal lines of the integrated circuit section. This 
semiconductor device is chiefly characterized in that a line layer 3-1 is provided 
which constantly provides the conductive layers 6 and 9 with a ground potential at 
least during a wafer processing step. With the above constructionthe conductive 
layers 6 and 9constituting the internal line of the integrated circuitare constantly 
grounded at least during the wafer processing step. Hencewhen charged particles 
come into collision with these conductive layers 6 and 9the conductive layers 6 and 9 
will not be charged up. Thereforeit is possible to protect a thin insulating filmsuch as 
a gate insulating film of a MOS FET which constitutes an integrated circuitwhile the 
semiconductor device is being processed. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor device comprising: 
A semiconductor substrate. 

The integrated circuit unit formed in said substrate. 

A conductive layer which constitutes internal wiring of said integrated circuit unit. 



A wiring layer which always leads said conductive layer to earth potentials among 
wafer down stream processing at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to a suitable semiconductor 
device to use the processing method using plasma with respect to a semiconductor 
device. 
[0002] 

[Description of the Prior Art]There is a method which connects a protective diode to 
the wiring layer which connects an input-and-output pad and the integrated circuit 
unit as a method which protects the insulator layer in which the gate dielectric film 
etc. of MOSFET which constitutes the integrated circuit are thinner than excessive 
voltage conventionally. 

[0003]When positive overvoltage is suppliedfor example to an input-and-output pada 
protective diode is broken downsends current through low potential power source 
VSSand absorbs positive overvoltage. When negative overvoltage is suppliedit 
t9|c9|e9|c^9|e9ie:>|e9|e9|c:Mc9Mcscurrent is sont through the high potential power supply VDDand 
negative overvoltage is absorbed. 

[0004]Only when power supply potential is being fixed to VDD and VSSsuch a 
protective diodelt works effectively to excessive voltage positive and negative 
[ both ]for exampleonly substrate potential is fixed like [ under device 
manufacture ]and when an input-and-output pad and internal wiring layers are 
floatingit does not function. For this reasonif a charged particle touches the wiring 
layer of floating by the method using charged particlessuch as a plasma processin 
inside when processing the semiconductor devicea wiring layer will start the charge 
up and will destroy thin insulator layerssuch as gate dielectric film etc. of MOSFET 
which constitutes the integrated circuit. Since bad insulationsuch as a short circuitwill 
occur if the insulator layer of integrated circuit circles is destroyeda semiconductor 
device serves as inferior goods. 
[0005] 

[Problem(s) to be Solved by the Invention]As mentioned abovein the conventional 
semiconductor devicesince an input-and-output pad and internal wiring layers were 
floating during the manufacture (inside of wafer down stream processingHhere was a 
problem of starting the charge up if it collides with the conductive layer that a 
charged particle constitutes these. If the conductive layer which constitutes these 
starts the charge upthin insulator layerssuch as gate dielectric film etc. of MOSFET 



which constitutes the integrated circuitwill be destroyed. 

[0006]In view of the above pointsit succeeded in this inventionand when that purpose 
is processing the semiconductor device (inside of wafer down stream 
processingXhere is in providing the semiconductor device which can protect the 
insulator layer in [ inner ] an integrated circuit. 
[0007] 

[Means for Solving the Problem]A semiconductor device concerning this invention 
possesses a semiconductor substratethe integrated circuit unit formed in this 
substrateand a conductive layer which constitutes internal wiring of this integrated 
circuit unitand is characterized by providing a wiring layer which always leads this 
conductive layer to earth potentials among wafer down stream processing at least. 
[0008] 

[Function]According to the above semiconductor devicessince the conductive layer 
which constitutes the internal wiring of the integrated circuit unit is always led to 
earth potentials among wafer down stream processing at leasteven if a charged 
particle collides with this conductive layerthe charge up of the conductive layer is not 
carried out. therefore — thin insulator layerssuch as gate dielectric film etc. of 
MOSFET which constitutes the integrated circuitcan be protected insidewhen 
processing the semiconductor device — the above — destruction of a thin insulator 
layer can be prevented. 
[0009] 

[Example] Hereafterwith reference to drawingsan example explains this invention. 
Drawing 1 is a figure showing the semiconductor device concerning one example of 
this inventionand the top view in which the (a) figure shows the principal partand the 
(b) figure are sectional views which meet the 1a-1a line in the (a) figure. 
[0010]As shown in drawing I the field oxide 2 is formed in the surface area of the 
silicon substrate 1 of P type (or N type)and isolation of active device groupssuch as 
MOSFET which builds an integrated circuitis performed in the integrated circuit unit 
which is not illustrated. In the surface area of the substrate 1the diffusion zone 3 of 
the same conductivity type as the substrate 1 is formed. In this examplesince the 
substrate 1 is used as P typeit is hereafter considered as the high concentration P* 
type diffusion layer 3. On the surface of the substrate Ithe 1st interlayer insulation 
film 4 that comprises insulating materialssuch as silicon oxidefor example is formed. 
The aperture 5 which is well-informed about the diffusion zone 3 is formed in the 1 st 
interlayer insulation film 4. On the 1st interlayer insulation film 4the 1st conductive 
layer 6 that comprises electric conduction thingssuch as an aluminum alloy or 
silicideis formed. 

The 1 St conductive layer 6 is connected to the diffusion zone 3 via the aperture 5. 
The 1 st conductive layer 6 within this aperture 5 functions among wafer down stream 
processing as the wiring layer 3-1 always led to earth potentials. The 1st conductive 
layer 6 is mutually made into same electric potentialwhile being connected with the 



diffusion zone 3. In the integrated circuit unit which is not illustratedthe 1st 
conductive layer 6 constitutes the gate electrode of MOSFETthe internal wiring 
layers of an integrated circuitetc. On the 1st interlayer insulation film 4the 2nd 
interlayer insulation film 7 that comprises insulating materialssuch as a wrapfor 
examplesilicon oxide etc.in the 1st conductive layer 6 is formed. The aperture 8-1 
which leads to the 1 st conductive layer 6and 8-2 are formed in the 2nd interlayer 
insulation film 7. On the 2nd interlayer insulation film 7the 2nd conductive layer 9 that 
comprises electric conduction thingssuch as an aluminum alloyis formed. 
The 2nd conductive layer 9 is connected to the 1 st conductive layer 6 via the 
aperture 8-1 and 8-2. 

The 2nd conductive layer 9 is mutually made into same electric potentialwhile being 
connected with the 1 st conductive layer 6. The 2nd conductive layer 9 constitutes 
the input-and-output pad section 10 and the fuse part 1 1 from this example. The 
input-and-output pad section 10 is connected to the 1st conductive layer 6 via the 
aperture 8-1 and the fuse part 1 1 is connected to the 2nd conductive layer 6 via the 
aperture 8-2. The input-and-output pad section 10 and the fuse part 1 1 are mutually 
connected also by being formed in one by the 2nd conductive layer 9 while being 
mutually connected by the 1st conductive layer 6. On the 2nd interlayer insulation 
film 7the protective film 12 which comprises insulating materialssuch as a wrapfor 
examplesilicon oxide etc.in the 2nd conductive layer 9 is formed. The aperture 13-1 
which leads to the input-and-output pad section lOand the aperture 13-2 which leads 
to the fuse part 1 1 are formed in the protective film 12. 

[0011]The substrate 1 is grounded during that manufacture as it is a semiconductor 
device of the above-mentioned compositionand the 1 st conductive layer 6 and the 
2nd conductive layer 9 are connected to this substrate 1. That issince the 1st and 
2nd conductive layer 6 and 9 is always led to earth potentials among wafer down 
stream processingeven if a plasma attack etc. are during manufacturethe charge up of 
the 1 st and 2nd conductive layer 6 and 9 is not carried outrespectively. That iseven if 
which electric charge of positive/negative collides with the above-mentioned 
conductive layersall the charged potential caused by these electric charges flows into 
the substrate 1 of earth potentials. Thereforeeven if excessive voltage stops adding 
to the thin insulator layer represented by the gate oxide of MOSFETetc. and it is 
under manufacturean always thin insulator layer can be protected. Drawing 2 (a) is a 
top view showing the device after a blown fuseand drawing 2 (b) is a sectional view 
which meets the 2a-2a line in the (a) figure. 

[001 2]A series of wafer down stream processing is finishedif a product progresses to 
the stage of doing a die sort testthe fuse part 1 1 will be cutand it changes into the 
state where there is no trouble in operation of the integrated circuit unit. A high 
current is sent through the pad section 1 land cutting process of the fuse part 1 1 
includes the method of making the fuse part 1 1 start electromigration 
spontaneouslyand cutting it to it. In order to be able to perform this cutting 



smoothlyin this examplethickness of the fuse part 1 1 is made thinner than that of 
internal wiring layers. It can cut also by irradiating the fuse part 1 1 with laser beams. 
If predetermined potential and signal are supplied to the pad section 10 after cutting 
the fuse part 11 the integrated circuit unit will operate normally. At this timesince 
predetermined potential is supplied to the protective diode connected between the 
pad section 10 and the integrated circuit unitfloating of the pad section 10 is 
canceledand a protective diode is activated. Thereforethin insulator layerssuch as 
gate oxide of MOSFETcome to be protected by the protective diode after fuse part 
1 1 cutting. As mentioned abovethe device concerning this example can be consistent 
until after manufacture out of manufactureand can protect a thin insulator layer. 
Nextthe manufacturing method of the semiconductor device concerning the one 
above-mentioned example is explained. Drawing 3 is a figure for explaining the 
manufacturing method of the semiconductor device concerning the one above- 
mentioned exampleand (a) - a (i) figure are sectional views showing main processes in 
orderrespectively. 

[0013]Firstas shown in drawing 3 (aXhe field oxide 2 is formed using well-known 
LOCOS process in the surface area of the P type silicon substrate 1. 
Subsequentlythe high concentration P* type diffusion layer 3 is formed in the surface 
area of the substrate 1 using the ion implantation for the sauce / drain formation of 
MOSFET. Subsequentlyon the surface whole region of the substrate luse a CVD 
methodinsulating materialssuch as diacid-ized siliconare made to depositand the 1st 
interlayer insulation film 4 is formed. 

[0014]Nextas shown in the figure (bHhe aperture 5 which is well-informed about the 
diffusion zone 3 is formed in the 1st interlayer insulation film. Subsequentlyor it uses 
a CVD method and deposits electric conduction thingssuch as silicideon the surface 
whole region of the substrate Ithe weld slag of the electric conduction thingssuch as 
an ARUMINIMU alloyis carried out using a sputtering techniqueand the 1st conductive 
layer 6 is formed. At this timethe 1st conductive layer 6 is formed also in the aperture 
5and is connected to the substrate 1 via the aperture 5. 

[0015]Nextas shown in the figure (cXhe portion as which the 1st conductive layer 6 
was chosen using the photo-etching method is etchedand a desired internal-wiring- 
layers pattern is formed. Although the RIE method which used ion is used for this 
etchingsince the 1st conductive layer 6 is connected to the substrate 1 made into 
earth potentialseven if ion collides with the 1st conductive layer Gall electric charges 
that are charged by this will flow into the substrate 1 . Nextas shown in the figure 
(d)on the surface whole region of the substrate 1 use a CVD methodinsulating 
materialssuch as diacid-ized siliconare made to depositand the 2nd interlayer 
insulation film 7 is formed. 

[0016]Nextas shown in the figure (eXhe portion as which the 2nd interlayer insulation 
film 7 was chosen using the photo-etching method is etchedand the aperture 8-1 
which leads to the 1 st conductive layer Band 8-2 are formed. Although the RIE 



method which used ion is used for this etchingas well as the process shown in the 
figure (c) since the 1 st conductive layer 6 is groundedeven if ion collides with the 1 st 
conductive layer 6the charge up of the 1 st conductive layer 6 is not carried out. 
Nextas shown in the figure (f)on the surface whole region of the substrate 1a 
sputtering technique is usedthe weld slag of the electric conduction thingssuch as an 
ARUMINIMU alloyis carried outand the 2nd conductive layer 9 is formed. 
[0017]Nextas shown in the figure (gHhe portion as which the 2nd conductive layer 9 
was chosen using the photo-etching method is etchedand the pad section 1 0 and 
fuze part 1 1 grade are formed. Although the RIE method is used also for this 
etchingsince the 2nd conductive layer 9 is grounded via the 1st conductive layer 
6even if ion collides with the 2nd conductive layer 9the charge up of the 1 st 
conductive layer 6 and the 2nd conductive layer 9 is not carried outrespectively. 
Nextas shown in the figure (h)on the surface whole region of the substrate 1 use a 
CVD methodinsulating materialssuch as diacid-ized siliconare made to depositand the 
protective film 12 is formed. 

[0018]Nextas shown in the figure (i)the portion as which the protective film 12 was 
chosen using the photo-etching method is etchedand the aperture 13-1 which leads 
to the pad section 10 or the fuse part 1 land 13-2 are formed. As well as the process 
shown in the figure (g) even if it uses the RIE method for this etchingthe charge up of 
the 1st conductive layer 6 and the 2nd conductive layer 9 is not carried 
outrespectively. Drawing 4 t hru/or drawing 6 are the figures for explaining this effect 
of the inventionrespectively. 

[0019]Firs tdrawing 4 is a figure measuring and showing the occurrence frequency of 
gate oxide destruction by the former and this invention. Drawing 4 shows the 
tendency of occurrence frequencyoccurrence frequency decreases compared with 
the former in this inventionand he can understand that the effect of gate oxide 
protection is acquired. Drawing 5 is a figure showing the relation between gate voltage 
and drain currentand the relation from which the (a) figure was conventionally 
obtained by a deviceand the (b) figure are the relations obtained by this invention 
device. A solid line shows the relation in drawing 5 and before a plasma damageand 
the dashed line shows the relation after a plasma damage. 

[0020]As shown in drawing 5 (a)conventionallywith the devicethe tendency for gate 
voltage required for drain current to be saturated to become high did not result in 
****** after the plasma damageand gate oxide did not result in destructionbut it 
became clear that the characteristic of MOSFET deteriorated also in **. 
[0021]Howeveraccording to this inventionas shown in drawing 5 (b)the big change in 
the relation between gate voltage and drain current is not accepted at a plasma 
damage front and the backbut there is nothing only at destruction of gate 
oxideandalso in the effect that the characteristic of MOSFET does not deterioratea 
certain thing became clear. Drawing 6 is a figure showing the result of a TDDB 
examination (stress test of gate oxide). 



[0022]As shown in drawing 6 conventionallywith a devicegate oxide does not result in 
destruction but ** also shows the tendency for the life of gate oxide to deteriorate. 
That isconventionallywith a devicegate oxide does not result in destructionbut since 
high tension is impressed to gate oxidethe trap of the career can be carried out into a 
filmor interface state density can occurand ** can also be considered that membrane 
characteristics deteriorate. 

[0023]In the device concerning this inventionthe tendency for the life of gate oxide to 
deteriorate rather than a device conventionally is eased. This result has supported 
the characteristic degradation of MOSFET shown in drawing 5 . 
[0024]Thereforein the device explained in the above-mentioned examplesince the 
damage at the time of there being nothingfor exampleperforming micro processing 
using charged particlessuch as plasmaonly by the prevention from destructive of the 
thin insulator layer represented by gate oxide etc. can be reducedthe semiconductor 
device which has reliable gate oxide can also be provided. 
[0025] 

[Effect of the Invention]As explained aboveaccording to this inventionwhen 
processing the semiconductor devicethe semiconductor device which can protect the 
insulator layer in [ inner ] an integrated circuit can be provided. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The (b) figures are a top view in which drawing 1 is a figure showing the 
semiconductor device concerning one example of this inventionand the (a) figure 
shows the principal partand a sectional view which meets the 1a-1a line in the (a) 
figure. 

[Drawing 2] The (b) figures are a top view in which drawing 2 is a figure showing the 
blown fuse back of the semiconductor device concerning one example of this 
inventionand the (a) figure shows the principal partand a sectional view which meets 
the 2a-2a line in the (a) figure. 

[Drawing 3] It is a sectional view showing in order the processes in which drawing 3 is 
a figure showing the manufacturing method of the semiconductor device concerning 
one example of this inventionand (a) - (i) are main respectively. 
[Drawing 4]Drawing 4 is a figure measuring and showing the destructive frequency of 
the gate oxide of the semiconductor device concerning this inventionand the 
conventional semiconductor device. 

[Drawing 5] Drawing 5 is a figure in which being a figure showing the relation between 
drain current and gate voltageand showing the case of the semiconductor device 
concerning this invention in the figure showing the case of the semiconductor device 
of the former [ figure / (a) ]and the (b) figure. 



[Drawing 6]Drawing 6 is a figure showing the relation between an accumulation 
defective fraction and the stress applying time to gate oxide. 
[Description of Notations] 

1 — A P type silicon substrate2 — Field oxide3 — The high concentration diffusion 
layer of the same conductivity type as a substrate4 [ — 2nd interlayer insulation film 
and 8-18-2 / — An aperture9 / — The 2nd conductive layerlO / — An input-and- 
output pad sectioni 1 / — A fuse parti 2 / — A protective filmi 3-1 13-2 / — 
Aperture. ] — The 1st interlayer insulation filmS — An aperture6 — The 1st 
conductive layer? 
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[002 1] LA^u c:©^BmcJ:n{f. 05 (b) iz. 
■r. -ir- h^<kiitD®Ji«*^ yTM<. mosfet«d 

6liTDDBSt» (y-KKfkliOXhUXiatt) OlS 

[0 0 2 2] S6lc5^-rJ:5l::. U^mMTlt^'- 

[0 0 2 3] iKD^mzm^mmT'it. fif*^M«feyt 

C ®eSl±H 5 iZm LfcM 0 S F E T ©Ittt^fe^b^g^ 



[0 0 2 4] ^^f•^T^ ±BmmnzTmmLtc^wv 

it. y- hllfbli^lCfta*tl5St^i!^®<0®liR6iJ: 
[002 5] 

[@S(Dtsm«i$i^] 

[g| 1 ] El 1 {ii:©^wa)-llJS«y{c«^35i|i^ttgs 

^mtmi:\ (a) Ellii^glJ^/T^-r¥S@. (b) 0 
ti (a) m'PO^ a-1 a|glo5ttaBi®a 
[0 2 ] 0 2 tt Ji a)^B^©-liifi<5iJin^toS¥^»SM 
Oka-XIfflBfm^^riaTv (a) HttiSas^/Tvf 
(b) (a) g|ctia)2a-2a(i(c:^aBr 

mm. 

im] m3itz.<DmM<D-mmnz^t>^^mi^m 
(DW^^^mtm\ (a) ~ (i) tt^tif'tiis 
isixm^mizmtmmmo 

[04] 04iic:(D^B^lz:^tj;5i|i^ft^sttJe*®i|i 

0O 

[0 5 ] E 5 K U'T ysatihy- h«Et ®Ba««/i^ 

■r0T% (a) mim^(D¥^m»^m(Dm^^nitm. 
(b) 0(ica)^^(c#t}^^«ss<7)@^^.7^-r 

[06] m6imm^B.mtf- hM^bli'^®x h ux 

5"mSl5, 6-mi^m^. 7-^2Mr^^l^, 8 
-1. 8-2- "Biags. 9- ••S25imJi. 1 0 "A/ai*/t 
yh'gs. 1 l-ka-XgPs 12-«m 13-1. 1 
3-2-gi?LgPo 
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